an essential context for interpreting the present-day properties of extra-solar planets, which are being discovered in abundance today and whose compositional properties and suitability for life will be probed in greater detail using the next generation of telescopes.
S econd-year Miller Fellow Rebekah (Bekki) Dawson is studying the processes of orbital evolution through a combination of computer simulations, simple analytical models, and new approaches for analyzing and interpreting the rich and growing exoplanet dataset. Her dissertation work at Harvard University, supervised by Ruth Murray-Clay and in collaboration with John Johnson, focused on planetary "migration, " a type of orbital evolution that alters a planet's separation from its star. Planetary migration has been invoked to explain W e used to think that after planets form, they follow their orbits like clockwork. But over the past two decades, many planets outside our Solar System (extra-solar planets) and small bodies inside our Solar System have been discovered on surprising orbits, leading us to question whether the histories of planetary systems were really so uneventful. Planets are thought to form -out of a disk of gas and dust -on circular, coplanar orbits yet have been discovered on orbits that are highly elliptical, tilted out of the plane of their star's rotation, and at separations from their stars too close for formation. Copernicus, Kepler, Titius, and other early practitioners of celestial mechanics interpreted the harmonious regularity of planetary orbits in our Solar System as the signature of a divine architect. Yet even here in our Solar System, the elliptical, inclined, and resonant orbits of small bodies beyond Neptune, such as Pluto, are archaeological evidence of a more violent history, during which the Solar System's planets underwent orbital evolution and stirred up the small bodies in the process. Modern practitioners of celestial mechanics are working to identify which physical processes (Figure 1 ) drive the orbital evolution of planetary systems and the conditions under which the processes operate. The processes driving orbital evolution form
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Miller Fellow Focus the surprisingly close-in orbits of "Hot Jupiters, " a mysterious population of extra-solar planets with sizes and masses similar to Jupiter but orbiting much closer to their stars than Mercury orbits to the Sun. Here in our Solar System, the orbits of small bodies beyond Neptune are thought to have been sculpted by Neptune's migration. Using evidence from the eccentricities (elliptical orbital shapes) of giant extra-solar planets and small Solar System bodies, Bekki argued that gentle migration caused by the disk from which planets form and violent migration triggered by gravitational interactions among planets both play an important role in shaping the architectures of planetary systems.
A lthough planets are thought to form in a flat disk, some of the physical processes proposed for driving orbital evolution ( Figure 1) can tilt a planet's orbit out of the plane it formed in. Measuring the mutual inclinations among planets in a system is therefore a key test for distinguishing among the proposed processes. However, so far the evidence for mutual inclinations has been ambiguous. Our Solar System's full-fledged planets are coplanar, but many of its small bodies have sizable inclinations, such as Pluto, which is tilted out our Solar System's plane by about 30 degrees, and Narvi, a moon of Saturn, tilted by about 150 degrees. Intriguingly, many Hot Jupiters (discussed above) have orbits that are strongly tilted out of their host stars' rotation planes, a configuration known as "spin orbit misalignment. " On the other hand, a population of coplanar systems of small, close-in planets have been discovered using data from the Kepler spacecraft. Several examples of flat and mutually inclined systems are illustrated in Figure 2 . O n a family vacation fifteen years ago, Bekki ran out of novels and her father lent her the popular science book he was reading, A Brief History of Time. The descriptions of time travel and black holes led Bekki to one day sign up for an introductory Astronomy class at Wellesley College taught by Richard French, but she ended up being most fascinated by the section about planets. She credits Wellesley's strong commitment to undergraduate research, especially a research experience the summer after her first year, for kindling her spark of interest in astronomy. She continues to spend most of her free time reading novels and also enjoys cooking and rambles on Berkeley's 140 walking paths. 
Contact: rdawson@berkeley. edu
A t Berkeley, Bekki has been expanding her investigation of orbital evolution to three dimensions. Using data from the Kepler spacecraft combined with observations conducted from ground-based telescopes, Bekki and her collaborators, including UC Berkeley astronomer Kelsey Clubb, found that the exoplanets in the Kepler-419 system are coplanar ( Figure 2 ). This system was an excellent case study for two reasons. First, the inner planet has a close-in, elliptical orbit, exactly the type of orbit that some theories predict should also be tilted. Second, the outer planet was not detected directly by the Kepler spacecraft, only indirectly through its gravitational perturbations on the inner planet's orbit; therefore the system was not subject to the biases that usually make Kepler sensitive only to flat planetary systems. In another recently published study, Bekki showed that several trends with stellar and planetary properties in the "spin orbit misalignments" mentioned above can be accounted for by tides raised on the host star by its close-in, giant planet. Most recently, Bekki and her Miller host, former Miller Professor Eugene Chiang, found evidence for a special class of planetary systems with large mutual inclinations. These systems feature two massive planets on elliptical orbits, the inner of which has stalled in its migration.
T he three dimensional architectures of planetary systems constrain and distinguish theories of orbital evolution and therefore inform us indirectly about the fourth dimension, time. More directly, Bekki hopes to catch planetary systems in the act of orbital evolution with several projects currently underway. She is searching for changes in the inclinations of giant planets over the course of the four-year Kepler Mission and conducting a study to identify the best ways to account for the correlated noise -caused by stellar and instrumental variability -that makes this measurement so challenging. Bekki is developing a statistical framework to assess the robustness of apparent trends between planetary orbital properties and stellar ages. Finally, the Gemini Planet Imager Survey, whose Lead co-Investigators Solar System: a flat disk of planets but orbits of small bodies sometimes tilted e .g . P lu to Planets are thought to form from a flat disk.
Other coplanar planetary systems were discovered using the Kepler spacecraft. The purpose of these is to bring promising or eminent scientists to the Berkeley campus on a short-term basis for collaborative research interactions. The Somorjai Award generally supports an early-career visiting scientist within the broad field of chemical sciences for a one-month term. Both programs require that awardees are in residence at Berkeley during their appointment term, and it is the department host faculty member's responsibility to ensure their presence on campus. It is stipulated that the appointee do no formal teaching, however public talks and department colloquia are encouraged. All absences away from the Berkeley campus during the award term must be coordinated with the Miller Institute office in advance and payments will be adjusted accordingly.
Terms of appointment may range from a minimum of thirty days to a maximum of one semester (120 days). Full semester appointments are encouraged and nominations should include justification, within the research proposal for this long-term collaboration. Each appointment starting date will be negotiated separately, with the restriction that appointments must take place during either Fall 2015 or Spring 2016 of the regular academic year. Faculty members or research scientists from any place in the world are eligible to be considered for sponsorship. Non-US citizens must be eligible for J-1 Scholar visa status. Visitors cannot be supported on H1B or B visas. Announcements of the awards will be made in December.
